The objective of this study was to explore the accuracy of summing multiple dual-energy X-ray absorptiometry (DXA) scans to estimate whole-body soft tissue measures and the sarcopenic index in female subjects for application to an obese population. Forty-five women who fit within the DXA scanning region (M ± s.d.; BMI ¼ 24.5 ± 4.6 kg/m 2 ) were scanned four times (one normal whole body (WB) scan, one head/trunk/leg scan allowing trunk delineation (TRK-H-L), one scan with body shifted right (LA) and one left (RA) to allow arm delineation). Fat mass (FM) and appendicular lean mass were determined from the WB scan (aLM WB ), with the latter determined by summing arm and leg mineral-free lean mass (MFLM). Strong agreement and no differences (M ± s.d. DIFF ) were found between FM WB and FM SUM (-0.12 ± 0.38 kg, P ¼ 0.37; r ¼ 0.999, Po0.001); MFLM WB and MFLM SUM (0.02 ± 0.36 kg, P ¼ 0.80; r ¼ 0.998, Po0.001); and aLM WB and aLM SUM (0.12 ± 0.32 kg, P ¼ 0.63; r ¼ 0.994, Po0.001). Summing DXA scans is a valid method for determining the risk for sarcopenic obesity and may aid research regarding obesity and risk for disability.
Dual energy X-ray absorptiometry (DXA) is the most common method used in clinical trials investigating body composition outcomes (Albanese et al., 2003) . An emergent area of research, especially in the elderly population, is the relationship between body composition and risk for disability (Zamboni et al., 2005) . From a measurement perspective, the conventional expression of sarcopenia normalizes appendicular lean mass (aLM) by height, producing a sarcopenic index (SI) similar to the body mass index (Newman et al., 2003) . An alternative definition that normalizes aLM for both body stature and adiposity has been suggested to be more appropriate because of the link between adiposity and physical function in the sarcopenic obese condition (Newman et al., 2003; Baumgartner et al., 2004; Villareal et al., 2004) .
DXA will undoubtedly be increasingly used to assess soft tissue in the clinical setting. However, this technology does have limitations with larger/wider individuals: (1) delineation of aLM is difficult, particularly in obese women with central adiposity; and (2) individuals do not fit in the scanning region. The aim of this study was to explore the accuracy of a summation method from multiple DXA scans to estimate whole-body soft tissue measures and the SI from aLM, height and fat mass (FM). Each measured scan has error; therefore, we sought to determine whether the summed scans and the whole body (WB) scan values were significantly different. Importantly, if such differences existed, we wanted to determine whether this difference was clinically significant, or alternatively, whether the summed values were within precision estimates of the variables of interest.
Forty-five female adults (50 ± 24 years, body mass index: 24.5±4.7 kg/m 2 ) signed a consent form approved by the university's Institutional Review Board. Precision for DXA (Hologic QDR 4500A, software version 11.1:3, Hologic Inc., Bedford MA, USA) measures of interest were 1.5% for FM, 0.4% for mineral-free lean mass (MFLM) and 0.6% for aLM. Five DXA scans were completed in one session: (1) WB with arms placed at the sides, palms down (used as reference scan; WB); (2) arms extended out from the trunk that allowed delineation of the trunk region from the arms (TRK-H-L); (3) body shifted to the right to produce a clearly delineated view of the left arm (LA); (4) body shifted to the left to allow a clear view of the right arm (RA); (5) WB scan after getting off the DXA to allow complete repositioning (used to determine reliability with scan 1). WB measures were determined by standard manufacturerrecommended analysis including the following: (a) arms were delineated between the head of the humerus at the glenoid fossa, and (b) the leg regions were delineated at the top of the iliac crest and by bisecting both femoral necks. DXA outcomes from analyzed TRK-H-L, LA and RA were summed to simulate assessment of an obese individual (denoted SUM). The SI was calculated in two ways: (1) aLM was normalized by height squared (kg/m 2 ) and (2) calculated residual values derived from linear regression analysis by regressing height (m) and FM (kg) onto aLM, similar to the method used by Newman et al. (2003) . Data were analyzed using SPSS version 17.0 (SPSS, Chicago, IL, USA). Agreement between the reference and summed scans was assessed using (1) repeated-measures analysis of covariance (controlling for cohort, n ¼ 20 and 25, respectively), (2) linear regression and (3) Bland-Altman plots (Altman and Bland, 1983; Bland and Altman, 1986 ) that were generated using the average of the WB reference value and summed value and the error scores (WB reference scan value-summed value). An alpha level of 0.05 was considered significant. No significant differences were found between the reference and summed methods in WB FM, MFLM and aLM (Table 1) . Likewise, calculated SI (6.85 ± 1.02 vs 6.80 ± 1.00; P ¼ 0.61) or the residuals predicting aLM from FM and height between the reference and summed methods (P ¼ 0.79) did not differ. Regression analysis between the reference scan and the summed method indicated strong relations for all outcomes (r range ¼ 0.992-0.999; Po0.001). Slopes in the regression equations were not significantly different from 1 and all intercepts were not significantly different from 0 for FM, MFLM, aLM and SI. Bland-Altman analysis coupled with regression analysis determined no systematic bias with changes in FM, MFST or aLM (all P40.05; Table 1, Figure 1 ).
The results of our preliminary study indicate that summation of body regions from incomplete DXA scans to simulate an individual who is too wide for the scanning bed offers an accurate method to estimate whole-body composition soft tissue measures or aLM. It is noted that the error in the summation method also compared favorably with our precision work (CV% of 1.5% for FM, 0.4% for MFLM and 0.6% for aLM). Our results have implications for the emergent research focus regarding body composition, physical function and risk for disability, especially in older adults, because of the combined changes in the incidence of obesity and the aging demographics (Zamboni et al., 2005) .
Two theoretical limitations exist in our work. First, although radiation exposure and scan time are of concern, the three partial scans produced an effective dose of B10 mSv (Blake et al., 1999) , which is equivalent to B1.5 days of background exposure (Blake et al., 1999) and required only B8 min of scan time. Second, although we recruited individuals representing a wide range of FM, MFST and aLM values, we were unable to study a population too wide for the scanning region (that is, no reference scan would then be available). The goal of our targeted recruitment was to maximize the range of FM and aLM values while allowing optimal body placement within the scanning region of the DXA for the reference scan. Thus, our sample was not sarcopenic or obese; however, half of our sample was older and the range of values allowed the evaluation of systematic bias in estimating fat or lean masses. Additional research is needed for investigating individuals varying in fat and lean mass. Moreover, with increasing mass, measurement precision with DXA technology decreases and this likely affects the agreement between the reference WB scan and the summed method (Cordero-MacIntyre et al., 2002) . This concern may also be influenced by the absolute size of skeleton or soft tissue mass. Owing to these reasons and also owing to differences in DXA hardware and software, we 
